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We compute the electroweak fine-tuning in No-Scale Supergravity for a representative super-
symmetric Grand Unification Theory (GUT) model, flipped SU(5) with extra vector-like flippons,
dubbed F-SU(5). We find that there is no problematic electroweak fine-tuning in No-Scale F-SU(5),
due to an elegant proportional rescaling of the full mass spectrum with respect to just the unified
gaugino mass M1/2, as well as a dynamic equivalence enforced between M1/2 and the supersym-
metric Higgs mixing parameter µ at the heavy unification scale. We demonstrate both analytically
and numerically that the No-Scale F-SU(5) fine-tuning parameter is consequently of unit order,
∆EENZ ≃ O(1), at the electroweak scale.
PACS numbers: 11.10.Kk, 11.25.Mj, 11.25.-w, 12.60.Jv
INTRODUCTION
The recent discovery at the Large Hadron Collider
(LHC) of the light (126 GeV) Standard Model (SM) like
elementary Higgs boson [1, 2] signals the dawn of the Be-
yond the SM (BSM) era. The SM is plagued by the un-
avoidable quadratic divergences endemic to any elemen-
tary scalar quantum field theory (QFT), which trigger
the notorious destabilization known as the gauge hierar-
chy problem. Supersymmetry (SUSY), or boson-fermion
symmetry, if broken not far above the electroweak (EW)
scale, very successfully resolves the gauge hierarchy prob-
lem by transmitting “chirality” to the scalar member of
the fermion-boson chiral supermultiplet.
Mandatory localization of this symmetry naturally in-
duces general covariance, i.e. gravitation, and thus also
entails the spontaneous breaking of this Supergravity
(SUGRA) theory via an analogous Superhiggs mecha-
nism. The low energy limit (equivalently MPl → ∞)
of spontaneously broken SUGRA consists, in its sim-
plest form, of global SUSY with soft breaking parameters
M1/2, m0, A, and B, respectively the gaugino and scalar
masses, and the trilinear Yukawa and bilinear Higgs-
mixing terms. Along with tanβ ≡ (vu/vd), the ratio of
vacuum expectation values (VEVs) for each of the dual
Higgs multiplets (Hu, Hd) required by SUSY, and the
Higgs mixing term µHuHd, these parameters fully specify
the low-energy SUSY particle spectrum, where Hu and
Hd give masses to the up-type quarks and down-type
quarks/charged leptons. Specifically, these parameters
are established at some high-energy boundary scale, say
MUnif , and are propagated down to physical TeV-scale
masses by running of the renormalization group equa-
tions. Generally though, SUGRA models are character-
ized by (MPl)
4 “troughs” in their effective potentials Veff ,
and extraneous fine-tuning remains necessary in order to
achieve Veff ≪ O(M
4
Pl), even at the classical level. Fur-
thermore, as known for more than 30 years [3], universal-
ity of the SUSY breaking parameters at MUnif is imper-
fectly mirrored at the physical EW scale, and substantial
mass differentials, for example between up-squark and
charm-squark, may catastrophically upset the natural
suppression of flavor changing neutral currents (FCNC)
in the SM! Concurrently, a proliferation of CP-violating
phases, as well as rather substantial contributions to the
electric-dipole moment of the neutron (electron), esca-
late the game of phenomenological brinkmanship. In ad-
dition, the generic SUGRA relation m20 ≃ M
2
3/2, where
M3/2 is the gravitino mass, implies a rather low mass
gravitinoM3/2 . O(1 TeV) in order to avoid fine-tuning
problems at the EW scale, which stands in sharp op-
position to the mass range M3/2 & O(10 TeV) essential
for avoiding cosmological tragedies [4, 5]. Recent LHC
8 TeV (LHC8) lower bounds on the sparticle spectrum,
and moreover, the precise Planck Satellite data on cold
dark matter (CDM), including inflation, do support a
rather high range for the gravitino mass, thus pressing
the need for a new SM. In this note we present a suitable
candidate model, specifically and perhaps essentially, a
No-Scale Model (NSM). Indeed, No-Scale Supergravity
provides a naturally vanishing cosmological constant, at
least at the classical level, and in its simplest form, a
2compact set of dynamically established boundary condi-
tions (m0 = A = B = 0) that transfer the burden of
SUSY breaking to the M1/2 parameter. In such a case,
all sparticle masses acquire mass solely through gauge-
mediated interactions, generating the expectation, for
instance, that m2u˜ = m
2
c˜ , and thus resolving the SUSY
FCNC problem. These boundary conditions further fa-
cilitate the rotation away of any complex CP-violating
phases, resolving the θQCD problem [6]. With regards to
the “gravitino problems”, M1/2 is the real agent of mass
degeneracy breaking, and hence M3/2, which retains a
role as the primordial seed of SUGRA breaking, can be
safely shifted orders of magnitude above the TeV scale
while still avoiding fine-tuning. Concerning the perva-
sive question of fine-tuning, a quantitative measure of its
value was proposed, about 30 years ago, by Ellis, Enqvist,
Nanopoulos, and Zwirner (EENZ), through introduction
of the parameter ∆ [7, 8]:
∆EENZ ≡
∣∣∣∣∂ ln(MZ)∂ ln(m˜i)
∣∣∣∣ , (1)
whereMZ is the Z-boson (pole) mass and m˜i generically
denotes all masses appearing in the formula defining MZ
that is provided by minimization of the effective poten-
tial Veff = V0 + V1−loop with respect to the Hu and Hd
directions. Specifically:
M2Z
2
=
m2Hd − tan
2 β m2Hu
tan2 β − 1
− µ2 , (2)
where m2Hu and m
2
Hd
are the Higgs mass-squared val-
ues. Clearly, large values of ∆EENZ will indicate large
electroweak fine-tuning (EWFT): EWFT% ∼ ∆−1EENZ,
thus large ∆EENZ implies small EWFT% and large fine-
tuning.
In the proposed NSM, the entire sparticle mass spec-
trum is driven by M1/2, the sole non-zero soft-broken
mass parameter. Therefore, to a very good approxima-
tion, the whole sparticle spectrum rescales in linear pro-
portion to M1/2, in a manner reminiscent of bulk rescal-
ing experienced by the hydrogen line-spectrum with the
electron mass me! As a result, one expects from Eq. (2)
for the fine-tuning to be rather small, since the unified
scale M1/2 must drop out, leaving only ratios of O(1)
coefficients. As shown below, the NSM variant dubbed
No-Scale F -SU(5) is further characterized by the relation
µ ≃M1/2 , (3)
which enhances the significance of the fine-tuning sup-
pression mechanism. Incidentally, a relation between µ
and the scalar mass m0 can also reduce fine tuning [9].
However, the gaugino masses and trilinear soft terms may
induce large fine tuning as well. Interestingly, in our No-
Scale F -SU(5) model, the universal gaugino mass is the
sole non-zero supersymmetry breaking soft term, there-
fore, we solve the SUSY electroweak fine-tuning problem
completely.
NO-SCALE F-SU(5)
The No-Scale F -SU(5) framework has been well de-
tailed in the literature. The model’s foundation is a tri-
pod consisting of i) the dynamically established bound-
ary conditions of No-Scale Supergravity, ii) the Flipped
SU(5) Grand Unified Theory (GUT), and iii) the deriva-
tion from local F-theory model building of a pair of hy-
pothetical TeV-scale “flippon” vector-like super multi-
plets [10–15]. The confluence of these attributes natu-
rally resolves several enduring theoretical problems, while
satisfying recent experimental observation [13–15].
No-Scale Supergravity was proposed [16] to address the
cosmological flatness problem as the subspace of super-
gravity models to fulfill three constraints: i) the vacuum
energy vanishes automatically due to the appropriate
Ka¨hler potential; ii) there exist flat directions that leave
the gravitino mass M3/2 undetermined at the minimum
of the scalar potential; iii) the quantity StrM2 is zero
at the minimum. Large one-loop corrections would force
M3/2 to be either identically zero or of the Planck scale
if the third condition were violated. A minimal Ka¨hler
potential that meets the first two conditions is [16, 17]
K = −3ln(T + T −
∑
i
ΦiΦi) , (4)
where T is a modulus field and Φi are matter fields, which
parameterize the non-compact SU(N, 1)/SU(N)× U(1)
coset space. The third condition can always be satis-
fied in principle and is model dependent [18]. From the
Ka¨hler potential in Eq. (4) one automatically obtains
the No-Scale boundary conditions m0 = A = B = 0,
while M1/2 can be non-zero and evolve naturally, as is
in fact required for SUSY breaking. The high-energy
boundary condition B = 0 effectively fixes tanβ at low
energy. The gravitino mass M3/2 is determined by the
equation d(VEW )min/dM3/2 = 0, since the minimum of
the electroweak (EW) Higgs potential (VEW )min depends
on M3/2, and the supersymmetry breaking scale is thus
determined dynamically. The result is a natural one-
parameter model, with M1/2 the single degree of free-
dom.
Exact string-scale gauge coupling unification, while
also avoiding the Landau pole problem, can be accom-
plished by supplementing the standard F -lipped SU(5)×
U(1)X [19–22] SUSY field content with the following
TeV-scale vector-like multiplets (flippons) [23]
(
XF (10,1) ≡ (XQ,XD
c, XN c), XF (10,−1)
)
,(
Xl(1,−5), Xl(1,5) ≡ XE
c
)
, (5)
where XQ, XDc, XEc, XN c have the same quan-
tum numbers as the quark doublet, the right-handed
down-type quark, charged lepton, and neutrino, respec-
tively. Models of this nature can be achieved in F -ree
3F -ermionic string constructions [24] and F -theory model
building [25, 26], and are referred to as F -SU(5) [25].
A minimal set of requisite constraints from theory and
phenomenology [13, 15] is satisfied by the No-Scale F -
SU(5) model space. The set of minimal constraints satis-
fied are as follows: i) consistency with the dynamically es-
tablished boundary conditions of No-Scale SUGRA (most
importantly the strict imposition of a vanishing B pa-
rameter at the ultimate F -SU(5) unification scale MF
nearMPl, enforced as |B(MF)| ≤ 1 GeV, commensurate
with the scale of EW radiative corrections); ii) radia-
tive electroweak symmetry breaking (REWSB); iii) the
measured central value of the Planck CDM relic density
Ωh2 = 0.1199± 0.0027 [27]); iv) the world average top-
quark mass mt = 173.3± 1.1 GeV [28]; v) precision LEP
constraints on the light SUSY chargino and neutralino
mass content [29]; and vi) production of a lightest CP-
even Higgs boson mass of mh = 125.5 ± 1.5 GeV. With
regards to the last criterion, it has been observed that
additional tree level and one-loop contributions to the
Higgs boson mass are supplied by interaction with the
flippon supermultiplets [14, 15], which may augment the
Minimal Supersymmetric Standard Model (MSSM) pre-
diction by as much as 3-5 GeV, in a manner that is more
effective for lighter values of the flippon mass MV .
A two-dimensional parameterization in the vector-like
flippon super-multiplet mass scale MV and the univer-
sal gaugino boundary mass scale M1/2 is extracted via
application of the prior constraints from a larger four-
dimensional hyper-volume that also comprises the top
quark mass mt and the ratio tanβ. The surviving model
space consists of a diagonal wedge (cf. Ref. [15]) in
(M1/2, MV ) space, the extent of which is bounded at
small M1/2 and small MV by the LEP constraints, and
at largeM1/2 and largeMV by the CDM constraints and
transformation to a charged stau LSP. Likewise, the up-
per limit at larger MV and lower limit at smaller MV
are constrained by the central experimental range on
the top quark mass. The intersection of all constraints
nets an experimentally viable model space ranging from
M1/2 ≃ 400 GeV to M1/2 ≃ 1500 GeV, with a corre-
sponding vector-like flippon mass of MV ≃ 1 TeV to
MV ≃ 180 TeV and tanβ ≃ 19.5 to tanβ ≃ 25. Our
results suggest that the lower scale bound in No-Scale
F -SU(5) derived from LHC SUSY searches coincides
with a gaugino mass in the vicinity of M1/2 = 850–1000
GeV, which corresponds to a gluino mass of Mg˜ = 1150–
1300 GeV. This independent data-driven demarcation is
broadly compatible with the limits on simplified model
scenarios published by the ATLAS and CMS Collabora-
tions for the LHC8 run, which indicate lower gluino mass
constraints of about 1.7 TeV and 1.3 TeV for mg˜ ∼ mq˜
and mg˜ ≪ mq˜, respectively [30, 31].
Furthermore, a recent analysis [32–34] of the Planck
satellite measurements suggests a mechanism, given ap-
propriate superpotential parameter choices, for mim-
icking the Starobinsky model of inflation [35–37], and
thus naturally enforcing compatibility between the data
and cosmological models based upon No-Scale SUGRA.
The Starobinsky model represents an ad-hoc adaptation
of Einstein’s description of gravity, which combines a
quadratic power of the Ricci scalar with the standard
linear term. There is considerable enthusiasm for the
realization that this esoteric (R + R2) model is con-
formally equivalent to No-Scale supergravity with an
SU(2, 1)/SU(2) × U(1) Ka¨hler potential [32–34], which
is a subcase of Eq. (4). Specifically, the algebraic equa-
tions of motion corresponding to an auxiliary scalar field
Φ with a quadratic potential that couples to a conven-
tional Einstein term may be substituted back into the
action, resulting in the quadratic power of the scalar cur-
vature [38, 39] that is phenomenologically favorable.
A NATURAL SOLUTION TO THE
SUPERSYMMETRIC ELECTROWEAK
FINE-TUNING PROBLEM
In the MSSM, the minimization condition from the
Higgs scalar potential, which determines the Z-boson
mass, is given in Eq. (2). For a moderately large tanβ,
we get
M2Z
2
≃ −m2Hu − µ
2 . (6)
As such, if both −m2Hu and µ
2 are large, it is neces-
sary to fine-tune both parameters to realize the cor-
rect Z-boson mass from large cancellations. In the
CMSSM/mSUGRA, µ is determined by the electroweak
symmetry breaking condition, and a small −m2Hu is thus
required to evade the electroweak fine-tuning problem.
However, the stop quarks and gluino will problematically
provide dominant contributions to −m2Hu at one and two
loops respectively. Additionally, in order to lift the Higgs
boson mass to about 125.9 GeV radiatively, the MSSM
stop quarks must likewise be quite heavy, directly threat-
ening to reanimate the very gauge hierarchy problem that
SUSY was originally intended to solve.
In gravity mediated supersymmetry breaking, the µ
problem, which pertains to the Higgs bilinear mass µ
term near the electroweak scale, can in fact be solved
via the Giudice-Masiero (GM) mechanism [40]. Ap-
plying the GM mechanism in No-Scale SUGRA gives
µ ∝ M1/2 ∝ M3/2, suggesting mutual proportional-
ity, where the gravitino mass can be situated around 30
TeV to elude the gravitino problem. Crucially, finding
µ ≃ M1/2 in No-Scale F -SU(5) approximately rescales
the sparticle spectra per variation only inM1/2. Possess-
ing such a property, we can show that there is no residual
electroweak fine-tuning problem, as follows.
Given µ ≃ M1/2, we shall fix the F -SU(5) unification
scale MF , and also tanβ, the top quark mass mt, top
4quark Yukawa coupling, and all remaining input param-
eters at the unification scale, with the exception of the
vector-like flippon mass MV . However, compensation
by MV is quite weak, being transmitted by logarithmic
threshold corrections. As a result, MZ is a trivial func-
tion ofM1/2, and we have the following approximate scale
relation
MnZ = fn (ci) M
n
1/2 , (7)
where fn is a dimensionless parameter and approximately
a constant in No-Scale F -SU(5) due to the rescaling
property in terms of M1/2. Also, ci denote the dimen-
sionless parameters, for example, the gauge and Yukawa
couplings, as well as the ratios between µ and M1/2 and
betweenMV andM1/2, etc. Although we can take n = 2,
to make it generic, we do not fix an integer number for
n. In addition, one naive question is what the low energy
experimental input MZ determines in our model due to
the rescaling property. Our later study showed that it
determines the ratio between µ and M1/2 [41].
In gravity mediated supersymmetry breaking, the typ-
ical quantitative measure ∆EENZ for fine-tuning is the
maximum of the logarithmic derivative of MZ with re-
spect to all fundamental parameters ai at the GUT
scale [7, 8]
∆EENZ = Max{∆
GUT
i } , ∆
GUT
i =
∣∣∣∣ ∂ln(MZ)∂ln(aGUTi )
∣∣∣∣ . (8)
For the nearly constant fn of Eq. (7) in No-Scale F -
SU(5), we have
∂MnZ
∂Mn1/2
≃ fn , (9)
and therefore we obtain
∂ln(MnZ)
∂ln(Mn1/2)
≃
Mn1/2
MnZ
∂MnZ
∂Mn1/2
≃
1
fn
fn . (10)
Consequently, the fine-tuning is an order one constant,
∣∣∣∣∣
∂ln(MnZ)
∂ln(Mn1/2)
∣∣∣∣∣ ≃ O(1) . (11)
Therefore, there is no electroweak fine-tuning problem
in No-Scale F -SU(5). We shall confirm this here via
numerical calculations of ∆EENZ for n = 2 in Eq. (11).
CALCULATION OF ∆EENZ AND EWFT
The Z-boson mass is typically an input into a Renor-
malization Group Equation (RGE) network iteratively
evolved from the unification scale down to the elec-
troweak scale. Therefore, in order to verify Eq. (11) for
n = 2, we numerically fluctuate Eq. (2), using a propri-
etary modification of the SuSpect 2.34 [42] codebase to
run flippon enhanced RGEs. Holding MF , tanβ, mt,
etc. constant, we take the partial derivative of Eq. (2)
with respect to the sole floating parameter M21/2, giving
1
2
∂M2Z
∂M21/2
=
∂m2Hd
∂M2
1/2
− tan2 β
∂m2Hu
∂M2
1/2
tan2 β − 1
−
∂µ2
∂M21/2
. (12)
Permission to fix tanβ in Eq. (12) is granted by tran-
siting along a contour of constant tanβ [15] from the
benchmark point, necessitating a compensating adjust-
ment in the vector-like flippon mass MV , though as
described, the transmission of this MV effect is weak,
and hence negligible. Next, we compute the three partial
derivatives of M2Hd , M
2
Hu
, and µ2 with respect to M21/2
at the scale of electroweak symmetry breaking, denoted
as Q0. To accomplish this, we vary M1/2 locally for a
set of benchmark points of the No-Scale F -SU(5) model
space [15], fixing all the aforementioned parameters. We
compute M2Hd , M
2
Hu
, and µ2 at Q0 via the RGEs, then
determine the local slope around each benchmark point
of the (M21/2,M
2
Hd
), (M21/2,M
2
Hu
), and (M21/2, µ
2) dia-
grams to numerically calculate the derivatives needed to
compute Eq. (12). We then use Eq. (10) with n = 2 to
find ∆EENZ, as illustrated in the lower curve of Fig. (1).
The top curve of Fig. (1) clearly exhibits the relation of
Eq. (3), displaying the near exact intrinsic correlation
between the SUSY mass parameter µ at the No-Scale F -
SU(5) unification scale MF and the gaugino mass M1/2,
also defined at MF .
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FIG. 1: Depiction of the µ ≃ M1/2 relationship in the No-
Scale F-SU(5) model space (top curve – left scale), with the µ
parameter computed at the unification scale MF . The ∆EENZ
parameter is also shown (bottom curve – right scale), with
both curves a function of M1/2.
Observe in Fig. (1) how the ∆EENZ parameter tracks
5the delta between µ(MF) andM1/2. As µ andM1/2 begin
to slightly diverge at large M1/2, even just negligibly,
the sensitivity of the ∆EENZ parameter to this behavior
is highly precise. Likewise, at small M1/2, comparable
action is witnessed where µ andM1/2 are explicitly equal
and thus ∆EENZ is practically zero. This does indeed
verify the O(1) result of Eq. (11) for the No-Scale F -
SU(5) model space, indicating no electroweak fine-tuning
as a result of the rescaling property in terms ofM1/2 and
inherent correspondence of µ ≃M1/2.
CONCLUSIONS
The No-Scale model framework, and in particular the
phenomenologically viable representative No-Scale F -
SU(5), effectively confronts the problems of naturalness
in the MSSM, thanks to compensating action of the
boundary conditions (m0 = A = B = 0), global spectral
dependence on the isolated soft-breaking SUSY parame-
ter M1/2, and the µ ≃M1/2 relation, implying:
i) No FCNC problem.
ii) No CP-violating phenomenology problem.
iii) No cosmological gravitino problem.
iv) Natural No-Scale realization of the Starobinsky
inflationary model, where the inflaton is identified
with the sneutrino, leading to sufficient reheating and
baryon-asymmetry.
v) No LHC8 observational problem.
vi) No CDM problem.
vii) No EWFT problem as expressed by ∆EENZ ≃ O(1).
This research was supported in part by the DOE grant
DE-FG03-95-Er-40917 (DVN), by the Natural Science
Foundation of China under grant numbers 10821504,
11075194, 11135003, 11275246, and 11475238, and by
the National Basic Research Program of China (973 Pro-
gram) under grant number 2010CB833000 (TL). We also
thank Sam Houston State University for providing high
performance computing resources.
[1] G. Aad et al. (ATLAS Collaboration), “Observation of a
new particle in the search for the Standard Model Higgs
boson with the ATLAS detector at the LHC,” Phys.Lett.
B716, 1 (2012), 1207.7214.
[2] S. Chatrchyan et al. (CMS Collaboration), “Observation
of a new boson at a mass of 125 GeV with the CMS
experiment at the LHC,” Phys.Lett. B716, 30 (2012),
1207.7235.
[3] J. R. Ellis and D. V. Nanopoulos, “Flavor Changing Neu-
tral Interactions in Broken Supersymmetric Theories,”
Phys.Lett. B110, 44 (1982).
[4] J. R. Ellis, J. E. Kim, and D. V. Nanopoulos, “Cosmo-
logical Gravitino Regeneration and Decay,” Phys.Lett.
B145, 181 (1984).
[5] J. R. Ellis, D. V. Nanopoulos, and S. Sarkar, “The Cos-
mology of Decaying Gravitinos,” Nucl.Phys. B259, 175
(1985).
[6] J. R. Ellis, S. Ferrara, and D. V. Nanopoulos, “CP Viola-
tion and Supersymmetry,” Phys.Lett. B114, 231 (1982).
[7] J. R. Ellis, K. Enqvist, D. V. Nanopoulos, and
F. Zwirner, “Observables in Low-Energy Superstring
Models,” Mod.Phys.Lett. A1, 57 (1986).
[8] R. Barbieri and G. Giudice, “Upper Bounds on Su-
persymmetric Particle Masses,” Nucl.Phys. B306, 63
(1988).
[9] K. Kowalska, L. Roszkowski, E. M. Sessolo, and S. Tro-
janowski, “Low fine tuning in the MSSM with higgsino
dark matter and unification constraints,” JHEP 1404,
166 (2014), 1402.1328.
[10] T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker,
“The Golden Point of No-Scale and No-Parameter F-
SU(5),” Phys. Rev. D83, 056015 (2011), 1007.5100.
[11] T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker,
“Super No-Scale F-SU(5): Resolving the Gauge Hier-
archy Problem by Dynamic Determination of M1/2 and
tan β,” Phys. Lett. B 703, 469 (2011), 1010.4550.
[12] T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker,
“The Ultrahigh jet multiplicity signal of stringy no-scale
F-SU(5) at the √s = 7 TeV LHC,” Phys.Rev. D84,
076003 (2011), 1103.4160.
[13] T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker,
“The Unification of Dynamical Determination and Bare
Minimal Phenomenological Constraints in No-Scale F-
SU(5),” Phys.Rev. D85, 056007 (2012), 1105.3988.
[14] T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker,
“A Higgs Mass Shift to 125 GeV and A Multi-Jet Super-
symmetry Signal: Miracle of the Flippons at the
√
s =
7 TeV LHC,” Phys.Lett. B710, 207 (2012), 1112.3024.
[15] T. Li, J. A. Maxin, D. V. Nanopoulos, and J. W. Walker,
“No-Scale F-SU(5) in the Light of LHC, Planck and
XENON,” Jour.Phys. G40, 115002 (2013), 1305.1846.
[16] E. Cremmer, S. Ferrara, C. Kounnas, and D. V.
Nanopoulos, “Naturally Vanishing Cosmological Con-
stant in N = 1 Supergravity,” Phys. Lett. B133, 61
(1983).
[17] J. R. Ellis, C. Kounnas, and D. V. Nanopoulos, “No Scale
Supersymmetric Guts,” Nucl. Phys. B247, 373 (1984).
[18] S. Ferrara, C. Kounnas, and F. Zwirner, “Mass formulae
and natural hierarchy in string effective supergravities,”
Nucl. Phys. B429, 589 (1994), hep-th/9405188.
[19] D. V. Nanopoulos, “F-enomenology,” (2002), hep-
ph/0211128.
[20] S. M. Barr, “A New Symmetry Breaking Pattern for
SO(10) and Proton Decay,” Phys. Lett. B112, 219
(1982).
[21] J. P. Derendinger, J. E. Kim, and D. V. Nanopoulos,
“Anti-SU(5),” Phys. Lett. B139, 170 (1984).
[22] I. Antoniadis, J. R. Ellis, J. S. Hagelin, and D. V.
Nanopoulos, “Supersymmetric Flipped SU(5) Revital-
ized,” Phys. Lett. B194, 231 (1987).
[23] J. Jiang, T. Li, and D. V. Nanopoulos, “Testable Flipped
SU(5) × U(1)X Models,” Nucl. Phys. B772, 49 (2007),
hep-ph/0610054.
[24] J. L. Lopez, D. V. Nanopoulos, and K.-j. Yuan, “The
Search for a realistic flipped SU(5) string model,” Nucl.
6Phys. B399, 654 (1993), hep-th/9203025.
[25] J. Jiang, T. Li, D. V. Nanopoulos, and D. Xie, “F-
SU(5),” Phys. Lett. B677, 322 (2009).
[26] J. Jiang, T. Li, D. V. Nanopoulos, and D. Xie, “Flipped
SU(5) × U(1)X Models from F-Theory,” Nucl. Phys.
B830, 195 (2010), 0905.3394.
[27] P. Ade et al. (Planck Collaboration), “Planck 2013 re-
sults. XVI. Cosmological parameters,” (2013), 1303.5076.
[28] “Combination of CDF and D0 Results on the Mass of the
Top Quark using up to 5.6 fb−1 of data (The CDF and
D0 Collaboration),” (2010), 1007.3178.
[29] “LEPSUSYWG, ALEPH, DELPHI,
L3, OPAL experiments,” (2011), lep-
susy.web.cern.ch/lepsusy/Welcome.html.
[30] “ATLAS,” (2014), twiki.cern.ch.
[31] “CMS,” (2014), twiki.cern.ch.
[32] J. Ellis, D. V. Nanopoulos, and K. A. Olive, “No-Scale
Supergravity Realization of the Starobinsky Model of In-
flation,” Phys.Rev.Lett. 111, 111301 (2013), 1305.1247.
[33] J. Ellis, D. V. Nanopoulos, and K. A. Olive,
“Starobinsky-like Inflationary Models as Avatars of No-
Scale Supergravity,” JCAP 1310, 009 (2013), 1307.3537.
[34] J. Ellis, D. V. Nanopoulos, and K. A. Olive, “A No-Scale
Framework for Sub-Planckian Physics,” Phys.Rev. D89,
043502 (2014), 1310.4770.
[35] A. A. Starobinsky, “A New Type of Isotropic Cosmo-
logical Models Without Singularity,” Phys.Lett. B91, 99
(1980).
[36] V. F. Mukhanov and G. Chibisov, “Quantum Fluctu-
ation and Nonsingular Universe. (In Russian),” JETP
Lett. 33, 532 (1981).
[37] A. Starobinsky, “The Perturbation Spectrum Evolv-
ing from a Nonsingular Initially De-Sitte r Cos-
mology and the Microwave Background Anisotropy,”
Sov.Astron.Lett. 9, 302 (1983).
[38] K. S. Stelle, “Classical Gravity with Higher Derivatives,”
Gen.Rel.Grav. 9, 353 (1978).
[39] B. Whitt, “Fourth Order Gravity as General Relativity
Plus Matter,” Phys.Lett. B145, 176 (1984).
[40] G. Giudice and A. Masiero, “A Natural Solution to
the mu Problem in Supergravity Theories,” Phys. Lett.
B206, 480 (1988).
[41] T. Leggett, T. Li, J. A. Maxin, D. V. Nanopoulos, and
J. W. Walker, “The End of Electroweak Fine-tuning with
No-Scale Supergravity,” (2014), 1408.4459.
[42] A. Djouadi, J.-L. Kneur, and G. Moultaka, “SuSpect: A
Fortran code for the supersymmetric and Higgs particle
spectrum in the MSSM,” Comput. Phys. Commun. 176,
426 (2007), hep-ph/0211331.
